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RESEARCH MEt40RAITO UM 

A SmiRAEY AIT) ANALYSIS OF DA'HP. ON DIVE-RECOVERY FLAPS 
By Lee E. Boddy a.nd Walter C. Williams 


SUMMARY 

The restxlts of numerous uni’elated tests of dive— recovery flaps 
are collected in this repoi-t and presented in a. form suitable for 
use in the preliminary design of dive— recovery flap installations. 
Since the data, were obtained for airplane models of quite widely 
varying conf igurationSj and are I'imited larg»l3'’ to a Mach number of 
0.80, it is recommended that each new installation be cax-efully 
flight— tested before final approval. A fli^t-test procedm-'e is 
outlined which will Insure a. marcimi.un degi'ee of safety. 


I??TRODUCTION 

Considerable difficulty has been experienced with many 
modem conventional airplanes in recovering from higlx— speed dives. 

As a result, various corx’ective devices have been investigated, 
the most successful of which has been tJxe dive— recovery flap. Tins 
device is a small split flap mounted on the lower surface of the 
airplane wing. A typical installation on a wind-tunnel model is 
shown in figiu'e 1, and an experimental installation on an airplane 
for fliglit tests is shown in figure 2. 

Dive— recovery flaps were tested first in the Ames l6— foot high- 
speed wind tunnel in October 19^2, and were first tested in flight 
by the LocMieed A.ircraft Corpomtlon from December 19^2 to April 19^3* 
Subsequent fli^it tests vere made by tlie Army Air Forces and the 
Republic Aviation Corporation with a Republic P—47 airplane and by 
the Langley Memorial A.erona.utical Laboratory with a North American 
XP— 51 airplane. Mere recently the Ames 16— foot high-speed wind 
tunnel has tested dive— recovery flaps on a number of airplane models 
in conjunction with more general investigations. 

It is the purpose of this report to collect all the available 
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data on tfts subject and present them in a form which will serve as 
a guide for the preljjninary design of dive-recovery flaps. 3y 
necessity, laany factors pertaining lai-gely to airplane conf igu.ration 
have been ignored. Consequently, a flight-test procedure is recosi- 
mended. It is believed that the data presented herein, if used in 
conjunction with the recommended flight— test procedure, will facili- 
tate the developement of satisfactory dive— recovery— flap installations 
for most conventional airplanes. 


SYMBOLS 

Tlie following symbols are used in this report: 


General 

V free— stream velocity, feet per second 

p free— stream mass density, slugs per cubic foot 

q free— stream d 3 niamic pressure i^Y^) , pounds per square foot 

M Mach number I ) 

Vvelocity of sou:id/ 

increase of Mach nvsmber over that for lift divergence 
? pressure coefficient 

! (loc al static pressure)— (free— stream static pressure ) 

I — j 

^cr critical prossiire coefficient (P at which the local velocity 
equals the local velocity of sound) 

g acceleration of gi'avity, feet per second per second 

ATT decrease of total pressure from frec-stream total pressure, 
pounds per square foot 

Airplane or Model Dimensions 
S wing area, square feet 
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Sf 

b 

bf 


to 


M.A.C 


C-w 


Cf 


Co^ 

X 


Cl 

Cn 

Che 


a 

Ou 

Aa 


total flap area, square foot 

wing span, feet 

total flap span, feet 

elevator span, foot 

wing noan aerodynanic chord, feet 

average wing chord at the flo.p, feot 

average flap chord, foot 

noan— square elevator chord, square feot 

longitudinal distance fron the wing loading edge, foot 


Cooff icionts 

lift coefficient f 




qS J 


pitching-nonont coofficiont [ 

\ (Jo M.A.C* y 

increase of pitchlng-Hnonont coefficient for constant lift 
coefficient due to the flaps 

increase of wing pitchlng-nonent coefficient for constant lift 
coefficient due to the flaps 

increase of drag 

increase of drag coefficient duo to the flaps i “ 

/ \ X 

elevator hinge-nonent coefficient | eleva-^or l^ge .. none jL t . ) 

\ q Cq 2 be y 


Anglos 

airplane or nodol angle of atte..ck, degrees* 
uncorrected angle of atta.ck^ degroos 

incroaso of angle cf attack for constant lift coefficient 
due to tliG flaps ^ degrees 
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at airplane or model tail angle of attack, degrees 

Actt increase of tail angle of attack at constant lift 

coefficient duo to the flaps, degrees 

flap deflection, degrees 

&e elevator deflection, degrees 

A 6 oo increase of elevator floating angle duo to the flaps, 
degrees 


RESITLTS 
Source of Data 

Tlio wind-tunnel data, collected in this report arc the results 
of numerous uiir’clated tests conducted in the Ames l 6 — foot high-speed 
wind tunnel from Octoher 19^2 to Juno 19^5* Several Improvements 
of the model support system were made during this period, partic- 
ularly with regard to incroasinvg its critical Mach number a.nd 
reducing its interference at high Mach numbers. AlthouglT all the 
data, have been roccntl 3 ’' corrected for taros, constriction, and flow 
inclination duo to the support system according to latest knowledge, 
some discrepancies ma.j’’ bo present because of the varying interforonco 
of different support s^'^stems a.nd different flap positions relative 
to the supports. 

Hie flight data ere the results of tests conducted 05 ' the 
Langley Laboratory. 

Prosontation of Results 

TiaslG da ta..— The effect of dive— recovery flaps on the lift and 
pitching-nnomont characteristics of the models tested in the wind 
tunnel is shown in figures 3 "to 1^. Included in each figure is a 
half plan view of the model as well as pertinent geometrical informa- 
tion on the flap installation. Additional information concerning 
the behavior of the flaps ma.y bo gained from figures I 5 and 16 , 
which show the effect of typical installations on the vring chordwise 
prossui-o distribution and on the wing wcko at the horizontal tail 
pla.no. The drag coefficient duo to all the flaps tested is summa- 
rized in figure IT for the purpose of determining their effect on the 
velocity of the airplane. It should bo noted that the drag 
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coefficient of each installation was divided ty the ratio of 
projected flap frontal area to wing area in order to account for 
different flap sizes on tho various models. 

Flap cffoctivonoss .- Although the purpose of the dive— recovery 
flaps on a particular airplane is to increase its trim lift coeffi- 
cient, it is most convenient to consider flap effectiveness as the 
increase of pitching-moment coefficient at a. given lift coefficient. 
By so doing, the effect of centor-of gravity position is eliminated. 
Furthermore, in order to reduce tho data to a form suitable for 
general application, it is necessary to consider not tho total 
pitching moment incremont hut tho individual contributing factors. 
Those are (l) tho effect on tho wing pitch ing-®oment characteristics, 
and (2) the effect on tho tail lift (or pitching moment due to the 
ta.il) . Tl'io second factor may bo attributed mainly to a change of 
tail angle of attack a.nd a change of olevator floating angle. (The 
results indicate tliat changes of tail efficiency are small and ma.y 
bo neglected.) Therefore tho total pitching-moment coefficient duo 
to the flaps may be roprosontod by tho following equation; 


In turn, tho change of ta.il angle of attack may be attributed to a. 
change of airplane angle of attack for a given lift coefficient and 
to a cha.ngc of downwash at the tail due to tho altered spanwiso 
distribution of lift with tho flaps deflected. Both are dependent 
upon the lift developed by tho flaps. Hence, the change of tail 
angle of attack ma.j’" ho represented by the product of (l) tho change 
of airplane angle of attack for a given lift coefficient, which is 
largely a function of tlio size and chordwiso location of tne flaps, 
c.nd (2^) tho ratio of change of tail anglo of attack to change of 
airpla.no anglo of attack, which is mainly a function of spa.nwiso 
location of tho flaps. Thoreforo, 


Also, if tho olevator characteristics arc linear within tho range 
being considered, and it is assumed that tho change of olevator 
floating angle is attributable mainly to the change of ta.il angle 
of attack. 




( 1 ) 
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It should he roiaGinhorod that the change of tail angle of attack 
considorod hone is an avci’ago along tho span of the tail, and equa- 
tion (2) is applicable only if tho tail characteristics are essen- 
tially constant along tho span. 

Values of zkx, and .dat/Ax were conputod for each flap 

installation tested and are given in figures l8 to 21, since all 
other factors in the- foregoing equation are characteristics of the 
particular a.irplanc and not of tho flaps. Since most of tho ilaps were 
tested at several deflections, plots were first made of ^ against 
the ratio of pro Joe tod flap frontal area to wing area and of ACm^ 
a.gainst tho ratio of tho product of the projected flap frontal area 
and wing chord at the flap to the product of wing area and mean 
aerodynamic chord (such as tho example in f ig. l8) , An average 
linear varia.tion throughout the usable range ws assumed as indicated 
by the da.shod linos in the example j the slope of those lines was 
then taken as the effectiveness of the flaps and plotted against 
Mach number in figure 19. Values are shov/n for liit coefficients of 
0.00 and 0.^+0, corresponding to typical conditions for a vertical 
dive and for moderate recovery from a high-speed dive. In figure 20 
tho offectivoness is shown as a function of chordwise location of the 
flaps for constant values of Mach number relative to the Mach 
number of lift divergence. However, it should be remembered that 
the results are for models having quite varied configurations, and 
the effects sho'vm may not be duo ontii-ely to chordwise location. 
Complete data for flaps at various chordwise positions on tho same 
model are available only for the YP-^OA model, and the curves shown 
in figure 20 are faired through the data obtained for this model. 
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Figure 21 shows a front view of each installation tested and the 
corresponding values of /Nat/da. (Plots were first made of dat/la 
which i-’evealod no approciahle variation with flap deflection.) 

Figures 22 and 23 show typical effects of flaps on the elevator 
characteristics. Figui’e 24 presents the results of flight tests 
made with a small airfoiD mounted in the high—opoed— flow region of 
the airplane wing in order to obtain qualitative Information 
concerning tlic offoctivences of dive— recovery flaps at Mi'.ch numbers' 
near 1.6. 

Althou^i it is realized that ma.ny secondary factors (such as 
airfoil section^ wing aspect ratio, and support interferonco) influ- 
ence the offoctivoness, it is impossible to completely determine 
their magnitude from the data at hand. For this reason, it is 
desirable that each now installation bo carefully fli^t— tested before 
final approval. Figure 25 shows the results of such a tost. 


DISCUSSION 

General Behavior of Divo-Rocovory Flaps 


Flan deflection .— All the flaps tested were well forward of 
the wing trailing edge and exhibited tlie general chara-ctoristi cs of 
spoilers. For low Mach numbers the small dof lections were relatively 
ineffective and in some cases had reversed effectiveness. For higli 
Mach numbers, however, the reversal tended to disa.ppoar, and for 
practical purposes the effectiveness may bo assumed to vary linearly'’ 
with the projected flap froni:el area. (See fig. l8.) 

Mach number .— In general, the effectiveness of the flaps 
incrca.sed considerably' with increasing Ma.ch number to well past the 
l-lach number of lift divergence. (See fig. 19 •) As shovm in the 
typjlcal pressure distribution (fig. 15 ) the pressure recovery' aft 
of the flap was loss completo at high Mach nvjnbors, causing a 
considerable increment of negative pressure over a large portion of 
the iipper wing surface . Also, -tlie upper— surface shock moved aft 
when the flaps wore deflected. Both of those effects contributed 
to the flap offoctivoness . However, ’there is evidence ’that the 
effectiveness will docr’case sharply above some Mach n’jmber between 
that for lift divergence and a Mach number of 1.0. (See fig. 24.) 
Moreover, it is believed that the Mach number at vdjich the flap 
effectiveness decreases will more closely appi'each the Mach number 
of lift divergence a.s the latter approaches a value of 1.0. It is 
important, then, that extreme caution bo exorcised in testing dive— 
recovery flaps on airplanes having a very higj: Mach n^mibor of lift 
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dlvorgonco . 

It will bo noted that the incroment of wing pitching-^-.iomont 
coefficient duo to the flaps became more negative as the Ma.ch number 
increased. (See fig. 19.) Tliis is due to the fact that the increase 
of Mach number ca.used an increase ef flap effectiveness which vraa 
applied largely to the wing aft of the position of the upper-surface 
shock. In order to prevent serious changes of tadl loads and a 
decrease of the total flap effectivehoss, it is desirable that the 
change of wing pitching-moment coefficient bo as small as possible. 

Location on the wing .— In presenting the results it was ass’jmod 
that the factors .■la and ACmw predominantly affected by the 

size and choi-dwiso location of the flaps on the wing, wiiile the 
factor Vr.- t / ,'Vy. is largely a function of the spanwiso location of 
the flaps. This assvimption is based on simple theory and should bo 
valid except for cases whore threc-d.imonsional effects are largo 
(such as for flaps near the wing tip), or for installations which 
are greatly affected by interference of fuselage, nacelles, etc. 
Mcreover, it should bo noted that most of the wings tested wore 
essontiallj’’ unswopt and the values of ACk^ given in this report 
will not necessarily he correct for wings with considerable sweep. 

A swcpt-back wing with flaps inboard of the moan aerodynamic chord 
probably would exhibit more positive values of AC;j.y. Also, the 
offoctivenoss of the flaps probably would bo less on higlily swept 
wings duo to the cross flow. 

In general, the fla.ps located well forward on the chord of tho 
wing wore more satisfactory than those nearer the trailing edge . 

(See fig. 20.) Hie forward flaps produced a grea.tor decrease of 
angle of attack for constant lift coefficient, and also caused 
smaller negative shifts of the wing pitching-riomont coefficient. 

Largo negative shifts of the wing pitch ing-momenu coefficient 
should bo avoided since they not only reduce the total effectiveness 
of the flaps hut may cause serious increases of tail loads. However, 
there is a practical limit to the forwa.rd location of the flaps. 

Tlie ro.ngo of positive lift coefficients for which the foi-ward flaps 
wore effective was considerably smaller than that for the rearward 
flaps. (See fig. 5.) Also, the flaps in the more re.arward positions 
maintained their cffcctiV'enoss to a slightly higher M^ach number than 
did those nearer the loading edge, especially at the higher lift 
coefficients. Apparently the flow behind the flaps which wore well 
ahead of the lower-surface minimum-pressure point ha.d a strong tend- 
ency to return tc the wing surface. For this reason, dive-recovery 
flaps on airplanes requiring a bif^i lift coefficient fox’ dive recov- 
ery" should bo located fai'ther aft than those on airplanes requiring 


NACA SI4 No. A7F09 


9 


a lower lift coofficicnt. It appears that the optiraun chordwiae 
flap location for a.irplanos roquix’ing apiproxiaatoly 0.40 lift cooffi— 
cient ia aboxxt one— thix'd of tho wing choid back of the loading edge. 

Tho change of tail anglo of attack is shown in fignro 21 

for all the flaps teatod. Values of varied from about 0.6 

for a. nodol with tho flaps conplotcly outboard of tho tail to about 
2.0 for a. taT’In— fusolago nodol with tho flaps entirely in front of ti:e 
tail. Typical values fox' flaps partially in front of tho tail woro 
between 0.9 rrd 1.2. 

Wing section .— Wo coiaprebensivo results are available which 
will show tho effects of wing section on tho behavior of dive— 
rocovory flaps. It has alx'eady been raentioned that tho chordwlso 
position of the upper— surface shock n:5giit affoct tho wing pitching— 
nonent coefficient due to tho flaps, and that the chordwlso position 
of the lower— surface ra in taura— pressure point probably affects tho 
behavior of flaps located near tho vring leading edge. Witliin tho 
range used on airplanes at present, wing— thickness ratio nust bo 
accounted for inasnuch as it affects tho hJach number of lift 
divergence . 

E levatoi-* characteristics .— In developing equation (2) of tho 
section entitled "Results, " it was assumed that tho change of 
elevator floating anglo duo to the flaps ai-oso fi-om the change of 
tail anglo of attack. This assumption is substantiated by tho 
results shown in figures 22 end 23. Tho dive— recovery fla.ps did 
not greatly change tho elevator floating angle of tho model whoso 
elevator hinge moments woi-o essentially unaffected by changes of 
tail angle of attack (or airplane lift coefficient). Howevoi’, a 
large change of elevatox"’ floating angle was noted for tho model the 
elevatoi' hinge moments of which varied considerably with tell angle 
of attack. At a Mach number of 0.70, tho elevator hinge moments 
with the flaps deflected appeared to bo about the same fox'’ a lift 
coefficient of 0.40 as they were with tho flaps x^etracted fox- a lift 
coofficicnt of about —0.1. Ttiis indicates that the flaxxs dcci-eased 
the tail angle of attack aboxit 3*5° (using a moasva-od value of 7.0^ 
for da-t/hCi,) . Tho lift and pitching-iiomont resxtlts (figs. 11, 19, 
and 21) indicate a decrease of tell angle of attack of 3*1° end 3*6® 
at lift coefficients of 0.00 and C.4-0, respectively. In view of tho 
absence of infoxmiation for a wldoi- i-ango of models, the x-osults ai-o 
conclusive enough to justify the assumption. 

It is significant that the flaps did not change the elevator 
effectiveness of the two models for which date, are available. As a 
result, it can bo assumed that the hox-izontel— tail effectiveness 
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would not to seriously affected, and flap— retracted values of 
(SCn/BbcOa-t '^nd (SCr3/oat)a ’oe used in the equations 

for total pitching-raonont coefficient duo to the flaps. 


Structural a.nd Mechanical Considerations 

Flan loads Limited pressure— disti-ihution ncasiircments have 
hoen made on typical dive— recovery'' flaps which indicate a trapezoidal 
chordwise loading with a maociiaun loading at the hinge lino. For 
practical design purposes a uniform chordwise loading may ho used. 
Except for small deflections where the prossiires might bo reversed, 
the normal— force coefficient may bo assumed to vary linearly with 
flap deflection to a value of 1.1 for a deflection of 45*^. 

Bate of flap deflection .— The flap actuating mechanism should 
bo supplied wi'th sxifficlent power to deflect the flaps rapidly. The 
rates of flap deflection for successful installations tested in 
fliglit have been such that full flap deflection was reached in 1 to 1 
seconds. Slower rates of deflection result in dangerous response 
lag and a consequent greater loss of altitude during recovery from 
a dive. In addition, the ad\^erse effects of the flaps for small 
deflections are accentuated. 

Buffeting .- It has been shown that the most effective spanuiso 
location for dive— recovoi-y flaps is djroctly in front of the hori- 
zontal tail. Although no conclusive data, ore available on the 
natter, there may be some danger of tail buffeting with flaps in 
this location. Tiioroforo, a conpremiso spanwiso location is 
rocomnendod that places the flaps in front of only' the outboard 
portions of the tail, especially on airplanes which do not have a 
particularly high •bail position with respect to the wing. Also, 
iso.lated cases of wing buffeting have been reported with dive- 
recovery flaps deflected, wherein the landing flaps vibrated through 
a. conparativoly small amplitude. It is believed that this was due 
to a small amount of play in the landing-flap restraint mechanisra. 


Eccomraonded Design Procedure 

It has been shown that the effectiveness of dive-recovery flaps 
in increasing the pitching-Hraoraent coefficient of an airplane is 
maintained past the Mach number of lift divergence for the airplane. 
However, the trim lift coefficient and resultant acceleration are 
less at Mach numbers above that for lift divergence because of tho 
increased static longi tudina.1 stability. (See fig. 25 .) Hence, a 
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successful dive— recovery flap installation is one which will effect 
sufficient (hut not excessive) recovery of the airplane from a. dive 
to any Mach nvimher and altitude, which the airplane is capahle of 
attaining, without causing undue stress on any part of the aircraft 
structure. The following procedure for the preliminary design of 
dive— recovery flaps for a particular airplane is offered: 

1. Establish the Mach number, altitude, and lift coefficient 
at which the recovery is desired. (The drag due to the flaps ma.y 
be neglected since appreciable changes of drag affect the velocity 
only slightly above the Mach number of lift divergence.) 

2. Compute or estima-te the elevator— free pitching-ffloment 
characteristics of the airplane with the normal center— of— gravity 
position for the above Mach number. From those characteristics 
determine the pitching-moment-coeff icient increment necessary to 
trim the airplane at the lift coefficient of step 1. 

3 . Select a flap location on tlie wing which is structurally 
suitable for the airplane (around 30 or ^0 percent of the chord and 
partially in front of the horizontal tail if possible). 

4. Assume the flap size for a comparable installation from 
figures 3 to 14. 

5 . Compute values for Ax, ACm^, and Axt/Ax from figures 
20 and 21 for the flap size assumed and a deflection of 30°. (This 
will allow some adjustment of the effectiveness during flight tests 
if necessary.) 

6. Compute ACm using the equations developed in the section 
entitled "Results." If the elevator characteristics are linear 
within the range being considered, equation (2) may be used; other- 
wise, the change of elevator floating angle should be determined 
directly from the elevator characteristics and equation (l) should 
be used. 

7 . If the ACm computed in step 6 does not agree with that 
of step 2, repeat the procedure wiuh a different flap size. 

Once the flap size is established, it would be wise to compute 
the acceleration available from the flaps for all Mach numbers and 
altitudes which the airplane is capable of attaining, for both the 
most forward and the most rea.rward center— of— gi^avity position. Also, 
the tall loads with the flaps deflected should be checked if it 


12 


mCA EM No. A7F09 


appcni’s "ths.'t "the flap location chosen will result in an appreciable 
value of ACjd^. 


Eecommended Fligh1>-Test Procodtire 

In view of previously mentioned deficiencies of the ava.ila.ble 
data, it is desirable that each new dive-recovery-flap installation 
bo carefullj'- flight-tested before final approval. A stop—by— step 
procedure is recommended which consists of trimming tno airplane 
for a. given speed and deflecting the flaps. The stich— free condi- 
tion should bo simulated and the elevator control used only to 
prevent excessive accelerations. Moasui’omonts should bo made oi the 
Mach number a.nd altitude at which the flaps arc deflected and of the 
maximum acceleration obtained during the resulting manouvor. 

Euns should be made throughout the speed range, but it is 
desirable that the first runs bo made at comparatively low Mach 
numbers a.nd high altitude in oxder to avoid excessive accelerations. 
A running record shoi;ld be kept so that the flap effectiveness at 
the higher Mach n'umbors may bo anticipated. 

Particular’ care should bo exercised in obtaining data, above 
the Mach number of lift divergence for the airplane. The desired 
Mach number shoirld bo approached gradually at the minium diving 
angle necessary to attain that Mach number at the altitude being 
used. As a result, the maximum Mach number of any particular run 
will be only slightly greater tha.n the Ma.ch number for which data 
have already boon obtained. Following tho above precautions will 
result in obtCvining the necessary information with a ma:.ximum 
degree of safety. 


CONCLUSIONS 

An analysis of the da'ia cclloctcd in this report indicates 
the following: 

1. In order to obtain maximum effectiveness, as well as to 
avoid tail buffeting ord largo increases of tail loads, dive- 
recovery flaps should be located about one— third of the wing chord 
from tho loading edge with part of tlio flap in front of the out- 
board portion of the horlzonta.1 tail. 

2. All tlie flaps tested wore effective above the Mach number 
of lift divergence for the airplane. 
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3. The fla-p effectiveness prohe-hly will 1500000 negligible at 
some Mach number between that of lift divergence for the airplane 
and a Mach number of 1.0, 

4. All new dive~recovory-flap ii^tallations should be carefully 
flight— tested, especiallj’’ uhose intended for use on airplanes wj.th 

8 very high liach number’ of lift divergence. 


Amos Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Moffott Field, Calif. 





Figure 1.- Typical dive -recovery -flap installation on a 

wind-tunnel model. 
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(a) Flap deflected 30°. 



(b) Flap fully retracted. 


Figure 2.- Dive -recovery flap located on left wing of the 

XP-51 airplane. 
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